Abstract-The STEM (Science, Technology, Engineering, and Mathematics) education research still grows continuously in this decade; this study utilized the bibliometric and co-citation method to depict literature characteristics of STEM education, including distribution of journals, publication countries, subject area, most cited references and so on. The analytical data is from querying the database of Social Science Citation Index (SSCI) of ISI Web of knowledge. Data, collected in the database, could be easily analyzed to figure out the popularity of publications and impact of articles through citation indexes. This study provided the distribution of core, relevant, and marginal journal, and describe the academic trend in STEM education.
I. INTRODUCTION
The STEM education was built from the early 1990s, and seen as a key issue for competitiveness or innovation of nations. This paper would like to investigate the characteristics of STEM education literature from 1992 to 2013 through bibliometric and co-citation method. The bibliometric utilizes statistical method of bibliography counting to evaluate the literature growth of a research subject, and the co-citation method points out that relationship between articles. This study retrieved data from Thomson Reuters' Citation database of Social Sciences Citation Index (SSCI) on ISI Web of Knowledge website. The search key word, STEM education, was performed, and 385 bibliographic records were found. This study would like: 1) to find out current situations of STEM education; 2) to identify core journals that contain most part of STEM education literature; 3) to list the several important references in STEM education literature.
After analyzing the literature collection of STEM education from the ISI database, the publication growth of STEM education from 1992 to 2013 was shown in Fig. 1 L. C. Yu is with the National Chengchi University, Taipei city, Taiwan (e-mail: 100356502@nccu.edu.tw). Table I listed country distribution of STEM education literature. USA published around 52% of STEM education literature. England (12.5%) and Netherland (11.67%) contributed the second and third position, and Australia, Spain, Israel, Turkey, Canada, Germany, and Taiwan each of them contributed more than 1.5% among the total literature. This study also adopted the visualization tool, CiteSpace
A. Country Distribution
An Academic Trend in STEM Education from Bibliometric and Co-Citation Method [1] , to plot the relationship of country distribution in Fig. 2 . It showed that USA is associated NETHERLANDS, CANADA and ISRAEL.
B. Subject Area
The top 5 concerned area of STEM education literature included "Education Educational research", "Psychology", "Engineering", "Health care science services" and "Computer science". The major area of STEM education literature was "Education Educational research" for sure. However, the result also indicated that STEM education has been considered as an important issue in "Psychology" as well. Table II lists the most concerned subject area of STEM education literature. Fig. 3 also demonstrated the relationship among these subject areas in STEM education, and revealed that all subject areas were not independent, but related. 
C. Keywords
Moreover, this study also conducted the keyword analysis, demonstrating the most popular research issues from published researches. Table III lists the top 15 keywords. Generally, searching keywords for research papers is a convenient way to retrieve data for studying a research domain. Fig. 4 depicted the relationship among keywords in STEM education, and revealed that the high frequent key were distributed in the centre area, including stem, science education, STEM education, higher education, education, technology, motivation and so on. 
IV. BRADFORD LAW AND CORE JOURNALS
Bradford's law [2] pointed out that in a research topic there were a lot of relevant articles collected in a small number of journals, and the rest of articles distributed in the great number of journals. Therefore, Bradford's law proposed the equation, 1: n: n^2, that three groups of journal papers were separated from number of articles in accordance with the proportion. Gillaspy and Huber [3] had utilized it to demonstrate journal literature distribution. This study collected 385 STEM education articles from 169 journals. Table IV listed the amount of articles in each journal. Fig. 5 plotted the cumulative number of articles for each journal for papers of STEM education. The comparisons of three zones (4:24:141) was listed in Table IV , and it was approximately equal to 1:6:6*5.88 (1: n: n^2). The result conformed the Bradford's Law. The core journals and relevant journals (top 7) in STEM education were listed in Table V. V. CO-CITATION REFERENCES After analyzing the co-citation references, the CiteSpace depicted this graph to show the relationship among research references in STEM education (shown in Fig. 6 ). Table VI listed the top 10 co-cited references in STEM education that might show some insights for those, investigating the STEM education research. National science education standards 1996
Miles and Huberman [6] Qualitative data analysis: An expanded sourcebook 1994
Astin [7] What matters in college?: Four critical years revisited 1993
Osborne, Simon, and Collins [8] Attitudes towards science: a review of the literature and its implications 2003
Lincoln [9] Naturalistic inquiry (Vol. 75) 1985
Seymour, Hunter, Laursen, and DeAntoni [10] Establishing the benefits of research experiences for undergraduates in the sciences: First findings from a three-year study
2004
Patton [11] Designing qualitative studies 2002
Maple and Stage [12] Influences on the choice of math/science major by gender and ethnicity. 1991
Schön [13] Educating the reflective practitioner: Toward a new design for teaching and learning in the professions 1987 In above mentioned core journals, researchers could select several key papers to inquiry knowledge in STEM education. However, they may be interested in knowing overall picture of the specific research domain. From the co-citation perspective, this study provided 5 references to show the important nodes that connected the different disciplines and the researchers may be interested in STEM education (Table  VII) .
VI. CONCLUSION
This paper investigated the academic trend in STEM education literature by means of analyzing the SSCI database, and depicted some characteristics of STEM education literature from bibliometric and co-citation method. This paper proposed several findings as followings: 1) the research in STEM education is increasing rapidly in this decade. 2) 4 core journals were identified by the Bradford law, and 53 research papers (13.77%) of STEM education were collected in the top 4 journals and the rest 86% was widely indexed in other 165 journals. 3) This study listed the key references, including the most co-citation references and the co-citation references connecting different disciplines to show the overall picture in STEM education.
